Abstract The aim of this study was to evaluate fat substitute in processing of sausages prepared with surimi of waste from piramutaba filleting. The formulation ingredients were mixed with the fat substitutes added according to a fractional planning 2 , where the independent variables, manioc starch (Ms), hydrogenated soy fat (F), texturized soybean protein (Tsp) and carrageenan (Cg) were evaluated on the responses of pH, texture (Tx), raw batter stability (RBS) and water holding capacity (WHC) of the sausage. Fat substitutes were evaluated in 11 formulations and the results showed that the greatest effects on the responses were found to Ms, F and Cg, being eliminated from the formulation Tsp. To find the best formulation for processing piramutaba sausage was made a complete factorial planning of 2 3 to evaluate the concentrations of fat substitutes in an enlarged range. The optimum condition found for fat substitutes in the sausages formulation were carrageenan (0.51%), manioc starch (1.45%) and fat (1.2%).
Introduction
The piramutaba (Brachyplatystoma vaillantii) belonging to the Pimelodidae family of Siluriformes order is a species of freshwater fish more caught in the Amazon being very important to the regional, national and international economy. Over 30,000 t of this species are sold annually in the Amazon (Fabré and Barthem 2005; MPA 2009 ).
Piramutaba fishing is the second in economic importance to the Northern region, whereas surimi only losing to shrimp. Nationally, historically, has been occupying the third place in exportations. Considering the social aspects, the piramutaba, tambaqui and jaraqui fisheries are most representative for that region, whether by labor or by fish volume generated for domestic consumption (Fabré and Barthem 2005) .
Surimi is a paste of fish meat frozen tasteless, odorless, highly viscous and elastic, but unstable to freezing in the absence of cryoprotectives such as sorbitol and glucose, mainly made of white muscle crushed, washed, drained and stabilized by the addition of cryoprotectives (Auh et al. 2003) . In addition carbohydrates, in particular sucrose was reported to inhibit the formation of biogenic amines in dry cured fish at a low storage temperature (4°C) (Zhang et al. 2011) .
Surimi is used as raw material in the preparation of traditional food of Japanese cuisine, such as "kamaboko", and has been used also for production of similar products of seafood such as shrimp, lobster, scallops, or the traditional "kani kama"-crab and crab analogs, compounds emulsified highlighting ham and fish sausage (Park and Morrissey 2000; Chen 2000; Siddaiah et al. 2001; Barreto and Beirão 1999; Gonçalves et al. 2009 ). According to Mehta et al. (2011) the primary requirement for preparation of these products is the gel forming ability of the mince.
In this sense, the emulsified products offer great perspectives due to the ease of performing blends with different ingredients in order to improve and modify the sensory characteristics such as taste, odor, color and texture (Hughes et al. 1997; Santiago et al. 2004; Andrès et al. 2006; Oliveira Filho et al. 2010) .
According to Olivo and Shimokomaki (2006) , meat emulsions constitute a system of two phases; the dispersed phase consists of particles of solid or liquid fat and the continuous phase by water containing dissolved and suspended salts and proteins. These two phases, although they are immiscible, are stabilized and kept in peaceful coexistence, due to the active participation of the stabilizers. If the meat emulsion is unstable, larger fat and water separation will occur during cooking (Su et al. 2000; Tornberg 2005) .
The sausages by being emulsified products, are required to give some way to providing the subsequent processing, and protect it. It can be used an automated system to divide the product into portions and twist or tie the gut to sausage maker (Keeton 1994) .
According Olivo and Shimokomaki (2006) the sausage is a sausage meat coming from an emulsion (thin mass) formed after the mixing of meat, additives and condiments, promoting an intimate mixture of fat globules with a protein and water array. The production of sausages requires a wide variety of meat, no meat ingredients, and each performing a specific function according to their property. Emulsion activity indicates the ability of the emulsion to hold liquid at the time of performance of the emulsion and it is influenced by the fat content of the emulsion (Bhattacharyya et al. 2007) .
Other fish species have also been used for elaboration of sausage, such as the tilapia Oreochromis niloticus (Oliveira Filho et al. 2010) , shrimp Feneropenaeus indicus (Sachindra and Mahendrakar 2010) , silver carp Hypophthalmichthys molitrix (Hu et al. 2008) . However, no reports are available on the utilization of surimi from piramutaba waste in the elaboration of sausages.
Thus the aim of this study was the processing of sausages prepared with surimi of waste from piramutaba filleting generated by industries in the state of Para evaluating the influence of fat substitutes.
Material and methods

Waste of piramutaba
Wastes of industrial filleting of piramutaba (Brachyplatystoma vaillantii) were obtained in the fishery industry Campasa S.A and Pesqueira Maguary, located in the county of Curuçá and Belém, Pará State, respectively.
Additives and ingredients
Three companies supplied additives and ingredients used in the preparation of sausages specialized in the industrialization of food: Duas Rodas Industrial Ltda, Brasil (cochineal powder, sodium tripolyphosphate, sodium erythorbate and condiments for sausage), Doremus Alimentos Ltda, Brasil (texturized soybean protein, carrageenan kappa) and of wrappings were purchased from Kraki Kienast & Kratschmer Ltda (Jaraguá do Sul, SC, Brasil).
Microbiological analysis
Microbiological determinations of piramutaba sausage (obtained in the final formulation) were performed at the Laboratory of Microbiology, Faculty of Food Engineering (FEA) of UFPA according to the standards required by legislation (Brasil 2001) . Measurements of coliforms were performed at 45°C, Salmonella, positive coagulase Staphylococci, Clostridium sulfite, standard psychrotrophs count, yeasts and molds count. All tests were performed using the methodology described by Vanderzant and Splittstoesser (1992) .
Preparation of surimi
Preparation of surimi was performed according to methodology described by Barreto and Beirão (1999) , with some adjustments. Piramutaba wastes (frozen) were crushed into Master R17633 processor, Walitta. The mass obtained was washed (three cycles) with drinking water, at intervals of 10 min with slow manual shaking followed by a rest of 5 min for decanting. In the washing step, the first two washes were performed only with water and the third by adding 2% NaCl on the amount of pulp, to assist the extraction of water-soluble proteins. The ratio water: pulp was 5:1, and a portion of the water was ice to keep the temperature between 4 and 5°C. Drainage was done using a centrifuge to remove the excess water. Subsequently added to the mass cryoprotectants, sodium tripolyphosphate (0.2%) and sorbitol (4%) and mixed in homogenizer cutter type (Filizzola) for 5 min. The surimi was divided into portions of 500 g in plastic bags, vacuum packed (FastVac, Model F200), frozen and stored at −22°C.
Preparation of sausages
The surimi was thawed in running water and then mixed with other ingredients in the formulation of the sausage: surimi (70%), ice (20%), NaCl (1%), curing salt (0.2%), condiments for sausage (1.5%), sodium tripolyphosphate (0.3%), sodium erythorbate (0.3%), monosodium glutamate (0.5%) and cochineal powder (0.02%).
All ingredients and surimi were crushed in the cutter (Filllizola, Sire, Brasil) . The other ingredients that corresponded to the replacement of fats studied, manioc starch (Ms), texturized soybean protein (Tsp), hydrogenated soy fat (F), carrageenan (Cg) were added as the experimental planning (Table 1) .
For the elaboration of sausage ingredients and surimi were added and mixed in the cutter, in the following order: 1) surimi, ¼ ice, texturized soybean protein and NaCl, for 3 min; 2) condiments for sausage, carrageenan and curing salt, for 5 min; 3) ¼ ice and hydrogenated soy fat, for 2 min 4) ¼ manioc starch and sodium erythorbate, for 1 min.
The sausage weight remained at rest for 30 min to allow the development of flavor and was later embedded in a manual sausage maker, using sausage casings of 21 mm diameter, prehydrated and separated into slices of 10 cm in length.
The heat treatment of the sausage was made in two steps, starting with a pre-cooking in an incubator with circulating air at 60°C for 30 min, then raised to the temperature to 80°C until the sausage reaches 72°C internally with the aid of a thermocouple. The cooling was carried out with water bath and ice until the internal temperature of 40°C. The process of membranes delamination was performed immediately after cooling products of piramutaba sausages were packed in polythene bags vacuum packed and stored under refrigeration (5±2°C).
Experimental designs
To evaluate the significance and effects of the factors studied in the processing of piramutaba sausages held a 2 4-1 fractional experimental design, based on the best results, i.e., removing the variables not significant at 95% confidence, was elaborated a 2 3 complete factorial design for model generation and response surface to determine the best process conditions. The process variables studied were manioc starch (Ms), texturized soybean protein (Tsp), hydrogenated soy fat (F) and carrageenan (Cg). The results were evaluated by the responses of pH, texture, raw batter stability (RBS) and water holding capacity (WHC) of the sausage.
The 2 4-1 fractional experimental design was conducted with eight factorial points (+1, −1) and three central points (0) totaling 11 experiments. The not significant effects for the implementation of a full factorial design were determined and deleted.
The 2 3 complete experimental design was conducted with eight factorial points (+1, −1), six axial points (−α0−1.68; + α0+1.68) and three central points (0) and were observed a good linear and quadratic correlation of experimental data in the processing of sausages. Table 1 shows the levels of process variables used in the fractional experimental design 2 4-1 and the complete factorial design 2 3 in the processing of piramutaba sausages. The response surface methodology (RSM) was used to evaluate the effect of Ms, Tsp, F and Cg (independent variables) on the responses: pH, texture, raw batter stability (RBS) and water holding capacity (WHC), at the end of the process. The data were adjusted to the following polynomial (Eq. 1):
Where:
Y response function Ms, Tsp, F and Cg Values of independent variables β 1 , β 2 and β 3 linear coefficients estimated by the least squares method β 11 , β 22 and β 33 coefficients of the quadratic variables β 12 , β 13 and β 23 coefficients of interaction between the independent variables.
Evaluation of parameters
Hydrogenionical potential (pH)
The pH of the sausage samples were measured with a potentiometer (Minolta brand).
Texture (Tx)
Measures of texture of piramutaba sausages were performed by the compression method, using the texture analyzer brand Rheometer (Rheo Tex SD -700, Sun Scientific Co., Ltd, Japan).
Sausages emulsion stability (RBS)
The stability of the raw food (raw batter stability (RBS) of sausage piramutaba was determined according to the method of Hermansson (1980) , described by Ambrosiadis et al. (1996) with some modifications.
Water holding capacity (WHC)
The method of pressure on filter paper as described by Zayas and Lin (1989) and adapted by Viana et al. (2003) was used to find the water holding capacity of the samples.
Statistical analysis
For the analysis of experimental data obtained in the preparation of sausage, we used the STATISTICA 5.0 program. In fractional design only was rated the intensity of the effects of independent variables using 95% significance. For the analysis of experimental data obtained in the complete design, was considered predictive model that showed significant regression and lack of fit no significant with confidence of 90% and a high coefficient of determination R 2 . Each analytical determination was performed in triplicate (n03)
Results and discussion
Effects of fat substitutes Table 2 represented the values of pH, texture (Tx), raw batter stability (RBS) and water holding capacity (WHC) of sausages using the manioc starch, texturized soybean protein, hydrogenated soy fat and carrageenan, according to the fractional design worksheet.
The results of statistical analysis, applied to experimental data of pH, texture (Tx), raw batter stability (RBS) and water holding capacity (WHC) were determined using the Pure Error and Statistical Significance (p) and are presented in Table 3 . Since the purpose of fractional design was to determine the intensity of effects and their significance, not the validation of models, no need to evaluate the effects of residual error. The coefficient p is the level of significance of the independent variable on the response under study. It was chosen as the confidence interval value of 95%. Thus, we can say that for p values less than 5%, the variable is considered statistically significant. It appears in Table 3a that the factors were significant with 95% confidence for the concentration of manioc starch and vegetable fat content, since the concentrations of texturized soybean protein and carrageenan were not significant. The biggest effect was the vegetable fat variable, which has negative effects.
For the sausage texture parameter (Table 3b ) it appears that, the independent variables showed no significant effects to p>0.05, and therefore have no effect on the texture response. In this case, the concentration of manioc starch, textured protein, vegetable fat and carrageenan had no significant effect to the sausage texture.
Notes on Table 3c independent variables have no significant effects p > 0.05. The carrageenan exerted a major influence on the raw batter stability (RBS), followed by texturized soybean protein concentration and manioc starch.
Evaluation of the effects of independent variables on the responses of WHC is presented in Table 3d . It appears that the carrageenan was the variable that showed the greatest effect on the response of WHC followed by hydrogenated soy fat with 95% confidence. The manioc starch and texturized soybean protein showed no significant effect on the response.
Based on the results, texturized soybean protein, was not significant for any of the responses studied, and then removed from the complete factorial design applied to study the best formulation of piramutaba sausages.
Complete factorial design 2 3 Table 4 presents the values of pH, texture (Tx), raw batter stability (RBS), and water holding capacity (WHC), obtained experimentally in the preparation of sausages with fat substitutes, following the complete experimental design worksheet 2 3 . The pH values found were higher than those found in literature and in the raw material (waste), this is mainly due to the presence of polyphosphates added to the residue (Yang et al. 2001 ). According Hughes et al. (1997) the pH value affects the emulsion because of its effect on the myofibrillar proteins that reaches its maximum emulsifying capacity at pH near neutral. Moreover, the greater the amount of protein solubilized better the emulsion, because the greater amount of emulsifying agent, making very important its meat extraction.
According to Eleya and Turgeon (2000) pH is not important factor for the gelation of κ-carrageenan, but at pH below 4.0 the gelation may not occur due to acid hydrolysis. The proteins with amphoteric character precipitate with carrageenan if the solution pH is below the isoelectric point. In solutions that have pH values above the isoelectric point strong interaction occurs between proteins and carrageenan (Eleya and Turgeon 2000; Hua et al. 2003) . Yoon et al. (2006) when studying the influence of various levels of fat in sausages, they found lower pH values in the formulations where the amount of fat was lower.
According to Grinberg and Tolstoguzov (1997) and Syrbe et al. (1998) , the pH effects on the behavior of proteinpolysaccharide mixture differ depending on the nature of the polysaccharide (neutral, carboxylated or sulfated). Andrès et al. (2006) when using agar hydrocolloids and xanthan gum, in chicken sausage obtained a reduction in hardness by increased concentrations of hydrocolloids in the formulations. Pedroso and Demiate (2008) found similar results by using carrageenan as a fat substitute in baked ham of turkey. Pietrasik (2003) found that samples of meat products, prepared with kappa-carrageenan had a substantial increase in hardness; in addition, the author states that carrageenan interacts with proteins to improve yield and texture of poultry meat products, especially when high water levels are used. Viana et al. (2003) argue that the partial withdrawal of the fat on the binding properties of meat products, has been the subject of discussion by some authors, because some studies claim that when the fat reduction is accompanied by an increase in the proportion of water, a fact found in this study, these products exhibit low binding properties (water holding capacity and raw batter stability).
The high water retention capacity found in piramutaba sausage, differs from the results found by Cengiz and Gokoglu (2008) , by using fat replacer of frankfurter-type sausages.
Maniocstarch(%)
Hydrogenatedsoyfat (%) Fig. 1 Response surface and level curve for RBS, relating hydrogenated soy fat and manioc starch Carrageenan(%) Maniocstarch(%) Fig. 2 Response surface and level curve for RBS, relating carrageenan and manioc starch Lyons et al. (1999) also showed an increased ability to retain water when prepared sausages with low fat adding whey protein, carrageenan and manioc starch in the substitution of fat.
Another study found similar to the results of this study was to Zayas and Lin (1989) which showed a high capacity to retain water after the addition of 3% protein of defatted corn germ to the mass of raw sausage. Viana et al. (2003) stated that in relation to the binding properties of meat emulsions, the effects of fat replacing are contradictory.
Eliminating factors not significant, there was a significant regression for 90% confidence (p≤0.1), the F test in analysis of variance. Table 5 presents the results of variance analysis for pH, Tx, RBS, WHC and the values calculated and tabulated F.
It was found in Table 5 that the models obtained for pH, texture and water holding capacity (WHC), however, showed low coefficients of determination (0.31, 0.61, 0.69), indicating that the variation percentage explained by the regression were 31, 61 and 69%, respectively, which can be confirmed by the values of F calculated. Therefore, there is not a good adjustment of the experimental data to models and cannot be relieved its response surfaces.
The proposed model for the raw batter stability (RBS) was significant and predictive as shows the analysis of variance. The coefficient of determination (R 2 ) was 0.90, indicating that the model explained 90% of the variation of the experimental data. The F value calculated for the regression was greater than the tabulated F indicating that the model is predictive. Thus, the proposed model to represent the raw batter stability (RBS), depending on manioc starch, hydrogenated soy fat and carrageenan is shown below (Eq. 2):
Where: Ms: Manioc starch; F: hydrogenated soy fat; Cg: Carrageenan. The response surfaces generated by the proposed model for raw batter stability (RBS) considering the average points of manioc starch, hydrogenated soy fat and carrageenan in the sausages emulsion are illustrated in Figs. 1 and 3 .
It appears in Figs. 1, 2 and 3 that the greater raw batter stability (RBS) of the sausages can be obtained in concentration ranges: carrageenan of 0.51 to 0.8%, manioc starch of 1.45 to 1.85% and hydrogenated soy fat of 1.2 to 1.7%. It was chosen an optimum condition for the formulation of piramutaba sausage (final product): carrageenan (0.51%), manioc starch (1.45%) and hydrogenated soy fat (1.2%).
According to Brasil (2000) is permitted the addition of at most 2% of manioc starch in sausage, if the product contains levels above those permitted by Regulation (RIISPOA), it shall submit the label the amount of ingredient added.
The interaction between proteins and polysaccharides has a direct influence on the macroscopic properties of foods, such as fluidity, stability, texture and mouth feel (Eleya and Turgeon 2000; Hua et al. 2003) . According to Shand and Smith (1997) , the functional properties of meat systems also suffer the influence of protein interactions with other components such as fat, protein and water.
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Carrageenan(%) Fig. 3 Response surface and level curve for RBS, relating carrageenan and hydrogenated soy fat Final formulation of piramutaba sausage
The conditions chosen for concentration of Ms, F and Cs were used for the final formulation of piramutaba sausage consisted of: surimi 70.0%, ice 20.0%, manioc starch 1.5%, texturized soybean protein 1.45%, hydrogenated soy fat 1.2%, carrageenan 0.51%, curing salt 0.2%, refined salt 1.0%, condiments for sausage 1.5%, sodium tripolyphosphate 0.3%, sodium erythorbate (antioxidant) 0.3%, monosodium glutamate 0.5%, cochineal powder 0.02%. Sausages with this formulation were evaluated microbiologically.
Microbiological characterization
The results of samples microbiological analysis of piramutaba sausages are presented in Table 6 . Resolution of RDC N.12, January 2, 2001, National Sanitary Surveillance Agency -ANVISA (Brasil 2001) , establishes the maximum tolerance allowed in fecal coliform for sausages 10³ MPN/g, so in the sample of sausage, values were below the limit determined by law and, therefore, in accordance with established standards.
It was not detected Salmonella in samples of sausage and can be considered suitable for consumption. This bacterium does not exist originally in the fish, being introduced during handling or by contact with contaminated water and its presence is a major problem for public health because of its pathogenic character (Al-Bulushi et al. 2011 ). According to Spricigo et al. (2008) the presence of Salmonella in food indicates inadequacy of the product for consumption and the bacteria of this genus are primarily responsible for foodborne outbreak.
The results found for coagulase staphylococci is within the standards of current law that allows a maximum of 10 3 CFU/g for products made from refrigerated fish, including built-in fish (Brasil 2001) .
The Ministry of Health (Brasil 2001 ) allows a maximum of 3x10 3 CFU/g for clostridium sulphite reducer embedded in meat, so not detected in the built-in piramutaba indicating good conditions for preparing and storing the product. The curing salts used in sausages are nitrate and nitrite that generate inhibitory substances of microorganisms especially against Clostridium botulinum (Honikel 2008) .
Although the legislation does not establish parameters for the standard count in plate of psychrotrophic, the microbiological standards established by the National Norms and Standards for Foods of the Ministry of Health for raw fish, fresh, chilled, frozen, including fillets and breaded states that the standard score (maximum) of mesophilic allowed in plate is 10 6 CFU/g. Based on the results of the sausage samples analyzed showed values less than that set by legislation. Oliveira Filho et al. (2010) also obtained similar results to psicrotrophic bacteria in sausages elaborated with Nile tilapia indicating good conditions and shelf life of 40 days when stored at 0±0.3°C.
There are no standards in the legislation for molds and yeast, but the result of this analysis showed that the sausage had satisfactory score in the case of spoilage microorganisms.
Conclusion
On the binding properties of emulsions, the water retention capacity and raw batter stability had effects contradictory to those found in the literature.
Piramutaba sausages can be prepared using as fat substitutes carrageenan, manioc starch and hydrogenated soy fat in concentrations of 0.51, 1.45 and 1.2% respectively.
Samples of piramutaba sausage were within the microbiological standards established by law, considered suitable for consumption.
